and Figure 1 (a-c): Gives a description of the three SADs and technical details [5] [6] [7] [8] [9] [10] . 
Ease of insertion
The SAD may be inserted using the standard (finger guided), introducer guided or gastric tube guided techniques. The bougie guided technique of PLMA had the highest success rate of 100% in comparison with the other methods of PLMA insertion [11] . All the three SADs devices had a 100% success rate of insertion in three attempts [8] . The insertion characteristics depend on the cuff size and design, method of insertion and the chosen end point for insertion time (insertion of device, connection to circuit, effective ventilation or satisfactory capnograph).
Oropharyngeal Leak Pressure (OLP)
The OLP depends on the method used to measure it. However all the 4 methods namely, detection of leak by auditory, auscultatory or capnographic method and manometric stabilisation have been shown to correlate [12] . The OLP in all the three devices PLMA, SLMA and i-gel are similar and in the range 25-30 cm H 2O with a cuff inflation pressure of 60 cm H2O [8] .
Drain tube
The second generation SADs has a drain tube which separates the alimentary and respiratory tracts. The diameter and position of this drain tube influences the ease of insertion of gastric tube. The PLMA and SLMA have a wider bore drain tube that forms a better esophageal seal; thus these devices should theoretically offer greater protection against aspiration than i-gel. The i-gel has a narrower drain tube though the manufacturer claims it offers enough esophageal seal. The esophagus forms a continuous tract with this drain tube. The ease of insertion of gastric tube was easier in SLMA as well as i-gel than in PLMA though the success of insertion was similar [13, 14] .
Pathophysiology of pneumoperitoneum and anesthetic concerns with use of SAD
Laparoscopic surgery requires creation of pneumoperitoneum and appropriate positioning to facilitate intra-abdominal visualization and surgical access. Several studies have established the safety of LMA in patients with normal respiratory compliance and airway pressure (Paw < 20 cm H 2O) [15] . Both these variables are affected in LS. The cardiovascular effects are more pronounced in the reverse Trendlenberg position while the respiratory embarrassment is more in the Trendlenberg (head down) position. There is a 30-50% decrease in thoraco-pulmonary compliance, increase in Paw and Pmean, decrease in FRC, V-Q mismatch and intra-operative basal atelectasis due to elevation of the diaphragm [16] . Maintenance of Intra-abdominal Pressure (IAP) <15 mm Hg and change in position between 15-20 has only minimal effects on non-obese and those without cardiac problems [17] .
The level of airway protection afforded by the SAD is the interplay of several factors. Studies show decreased LES tone with the use of supraglottic airway device but no effect on the pharyngo-esophageal reflux [18, 19] . The increase in IAP during LS may cause reflux of gastric contents with the risk of regurgitation or pulmonary aspiration [20] . However, it has been also revealed that the increase in IAP may induce an adaptive response in the LES that allows maintenance of pressure gradient across the gastro esophageal junction and may actually reduce the risk of regurgitation [21] . Further the head down position used in pelvic laparoscopy may be protective in preventing regurgitated fluid from entering the airway [16] .
Evans et al., demonstrated the effective isolation of the respiratory and gastrointestinal tracts by the PLMA in paralyzed and non paralyzed patients [22] . Cadaver models have shown that Proseal LMA protects against regurgitation and aspiration by effective separation of the pharynx and larynx [23] . Bernandini et al., retrospectively analyzed the risk of pulmonary aspiration in 65712 procedures under general anaesthesia with positive pressure ventilation [24] . This included 35,360 surgeries under LMA, 2.4% of these being laparoscopic. There were three cases of pulmonary aspiration in the LMA group, none of them underwent LS. The major risk factor for aspiration was unplanned surgery. The low incidence of aspiration in the LMA group (1 in 11877) may be attributed to fewer LMA usages in emergency surgery. However, to reveal a true difference in aspiration risk between LMA and ETT, the number of patients needed to be studied is much larger (approximately fifty times greater). There have been case reports on the accidental aspiration of esophageal contents during the use of PLMA as well as i-gel [25, 26] . In these cases, aspiration may have occurred due to mal positioning, stomach inflation due to air leak, unfamiliarity with the device or inappropriate patient selection.
SAD in laparoscopic cholecystectomy
Laparoscopic cholecystectomy is often conducted as day surgery [27] . The surgery involves creation of pneumoperitoneum and a reverse Trendlenberg position with lateral tilt. The Peak Airway Pressure (Paw) increases by 5-7 cm H2O after carboperitoneum. The airway pressure after reverse Trendlenberg position did not differ significantly from that in the supine position [28] .
Effective gastric decompression is desirable from the stage of trochar insertion till end of surgery to avoid injury to the stomach and interference with surgery. Gastric drainage is also required especially if an intra-operative cholangiogram is done as it usually increases the gastric output [29] . When the surgeon's assessment of gastric inflation after trochar insertion and at the end of surgery before removal of laparoscope was noted, it was comparable between PLMA, SLMA and endotracheal tube [13, 28, 30, 31] . Maltby et al., found that this gastric inflation occurred even when the gastric tube was connected to a continuous suction throughout the procedure. This has been attributed to different angles of visualization rather than true distension. Kahla et al., inserted a gastric tube and removed it after suction while Hosten et al., connected the gastric tube to a collection bag. Belena et al., connected the gastric tube to a bag after initial suctioning for 10 second. In all these cases, the gastric inflation did not interfere with the surgery. The conventional and gold standard anesthesia technique for laparoscopic cholecystectomy is endotracheal intubation and controlled ventilation. However after extensive experience with gynaecologic laparoscopy and sterilization procedure, LMA has been attempted to be used, in non obese well fasted patients without GERD and having low risk of aspiration, for laparoscopic cholecystectomy. Lu et al., concluded that the CLMA is unsuitable for laparoscopic cholecystectomy [4] . The CLMA provided adequate ventilation before carboperitoneum but was associated with a high incidence of suboptimal and failed ventilation with abdominal insufflations to 15 mm Hg. The peak airway pressure after carboperitoneum was similar in both the groups (24 cm H 2O PLMA and 22 cm H2O CLMA) but exceeded the OLP (19 cm H2O) in CLMA group and hence provided ineffective ventilation. Natalini et al., found the PLMA and CLMA comparable during usage in various LS. However, the authors increased the cuff pressure >60 cm H2O in several patients to facilitate ventilation through the SAD [32] . Table 2 gives the list of studies where a second generation has been used to secure the airway in Laparoscopic Cholecystectomy (LC) or various elective laparoscopic procedures.
The PLMA is the standard benchmark state of art second generation SAD with which any new SAD is compared [7] . Since its introduction in 2000, several studies have demonstrated the feasibility and efficiency of PLMA as an airway device in laparoscopic cholecystectomy. This includes eight prospective randomized trials comparing PLMA with other airway devices including ETT (two) [31, 33] , SLMA (two) [13, 34] , cLMA (one) [4] , i-gel (one) [35] , SLIPA (one) [36] and Cobra peri-laryngeal airway (one) [37] . PLMA was found to be comparable with ETT in non-obese patients undergoing laparoscopic cholecystectomy [31, 33] . In comparison with SLMA and i-gel, higher OLP was achieved with PLMA indicating better airway seal with this device. The SLMA was comparable with ETT in 80 patients undergoing laparoscopic surgery with no cases of failed ventilation or crossover from the SLMA group. The practicality of i-Gel use in laparoscopic cholecystectomy has been studied in two randomized trials. I-gel was found to be a workable alternative to ETT in LS in patients with normal airway pressures [39] .
Single device studies have also been conducted to explore SAD use in various LS including laparoscopic cholecystectomy, appendectomy, 
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• Greater time to DT insertion and leak fraction in i-gel but not clinically significant.
Both effective airway devices
inguinal herniorraphy, incisional hernia repair and gynaecological laparoscopy. The PLMA proved to be an effective ventilatory device in LS. There was only a single case of failed ventilation after carboperitoneum that was managed by changing to CLMA. There were three cases of regurgitation through the drain tube though no incidence of aspiration and gastric drainage was recommended by the authors. The authors stress on the experience of the user before habitual use in LS and a low threshold for switchover to an alternative device in the event of SAD malfunction [38] .
Use of SAD in laparoscopic cholecystectomy also provides several other benefits. These include decreased hemodynamic stress, improved emergence characteristics like less cough, sore throat and dysphagia. Decreased PONV and post operative opiate consumption has also been reported but larger numbers have to be studied to prove this benefit [31, 33, 45] .
SAD in gynaecological laparoscopy
Gynaecological laparoscopy was the earliest laparoscopic procedure to have an LMA inserted as the preferred airway device.
The usual gynaecological laparoscopic procedures are tubal ligation, diagnostic laparoscopy, hysterectomy, myomectomy and oophrectomy. It requires a Trendlenberg position of around 15° and lithotomy. All the three devices -PLMA, SLMA and i-gel have been used in gynaecological laparoscopy and the results are tabulated in table 3.
The effectiveness of SAD use in gynaecological surgery may be attributed to the short and elective nature of surgery, limitation of pneumoperitoneum and positioning to acceptable limits and the advantages offered by SAD in ambulatory surgery. Brimmacombe and Brain suggested "rule of 15" in guiding CLMA use in LS that is Trendlenberg tilt ≤15° Pabd ≤15 cm H2O and peritoneal insufflation duration ≤15 minutes. While the first two hold true, it is now known that the suitability of the SAD in LS will be evident in the first 15 minutes and will continue to prove effective provided adequate anaesthetic depth and muscle relaxation is maintained and the SAD is not dislodged [48] . There are 9 randomized trials comparing PLMA with various other airway devices in laparoscopic gynaecological surgery. This includes comparison with ETT (4) and one each with SLMA, i-gel, LTS and Cobra PLA and one comparing PLMA, SLMA and i-gel [48] [49] [50] [51] [52] [53] [54] [55] 62] . The PLMA had equivalent functionality with ETT. The SLMA and i-gel were also comparable with PLMA. The differences in OLP and leak volume did not prove to be clinically relevant. Hohlrieder et al., found decreased analgesic requirement, pain scores and nausea with PLMA while Griffiths et al., found no difference in a similar group. Comparison of SLMA with i-gel has shown similar ventilator efficacy [50, 51] .
One point to note is that all patients were females and the results may not be extrapolated to males undergoing pelvic surgery in a similar position. Most of the studies have excluded obese women. Those which have included them found no difficulty in using SAD in obese patients [48, 61] . The numbers however are small and no definitive conclusion may be made on their safety or efficacy in this cohort of patients.
SAD in paediatric laparoscopic surgery
The common laporoscopic surgical procedures in children include hernia repair, appendicectomy, cholecystectomy, orchiopexy and diagnostic laparoscopy. The cardiopulmonary effect of peritoneal insufflation in children is similar to that in adults but the effects are more pronounced at abdominal pressure of 12 mm Hg with significant decrease in cardiac output, increase in systemic vascular resistance compared to Pabd of 6 mm Hg [63] .
Sinha and colleagues found the PLMA to have comparable ventilatory efficacy as ETT in short duration (<60 min) laparoscopic procedures in children aged 6 months to 8 years. The mean OLP was 29 cm H 2O and Paw after carboperitoneum was 23.79 cm H2O [64] . In a descriptive study, Dave and colleagues successfully used PLMA for ventilating 30 children during LS lasting <60 min. In two patients, it required changeover to ETT due to suboptimal ventilation [65] .
The literature and experience on second generation SAD use in paediatric laparoscopy is still insufficient to recommend its use. Hence its use, if at all should be restricted to brief laparoscopic procedures or examination of the abdomen with Pabd kept ≤10 mm Hg. 
SAD in the obese patient
Alteration in respiratory mechanics, increased airway resistance and greater incidence of gastroesophageal reflux are the main concerns in choosing SAD as an airway device in obese patients. The advantages are decreased hemodynamic response during insertion and removal. They could also prove to be a valuable rescue device in difficult mask ventilation or intubation. A properly placed PLMA has been shown to provide good oxygenation, and reduce postoperative cough though inadequate information exists to comment on its ventilatory capabilities or vouch for its safety in obese patients undergoing routine or laparoscopic surgery [66] .
Carron M et al., compared the hemodynamic and hormone stress response of PLMA and ETT in 70 morbidly obese pts (BMI > 30 kg/m 2 ) for laparoscopic banding surgery [67] . The study showed that there was significantly less hemodynamic and hormonal stress response with PLMA compared to ETT. The use of PLMA also showed reduction in the requirement for non-depolarizing muscle relaxant (ciastracurium) during surgery and oxygen de-saturation, pain and PONV scores in the postoperative recovery. In using an SAD for gastric banding, the use of a gastric tube rather than the usual balloon should be acceptable to the surgeon. Another point of concern is the use of PLMA for surgeries where postoperative gastric drainage is needed as the PLMA does not allow gastric drainage after its removal.
Ventilation with SAD in laparoscopic surgery
A ventilatory strategy that provides adequate oxygenation and ventilation in the face of increased airway pressure and resistance and decreased airway compliance is required during laparoscopic surgery. This is usually achieved with Volume Controlled Ventilation (VCV) with an increase in respiratory rate to increase the minute ventilation by around 20% after generation of the pneumoperitoneum. Pressure Controlled Ventilation (PCV) is associated with increased flow rates, faster achievement of tidal volume and lower peak airway pressure [53] . With an SAD in situ, it is necessary to ensure that the peak inspiratory pressure not exceed the oropharyngeal leak pressure. Jeon et al., found lower peak airway pressures and PaCO 2 with PCV in patients undergoing laparoscopic gynaecological procedures with PLMA [53] .
Carron et al., were able to achieve adequate gas exchange with PCV and I:E ratio of 1:1 in obese patients undergoing gastric banding while ventilating through a PLMA [67] . No hemodynamic instability was noted in any of these studies during PCV. Low fresh gas flow is associated with reduced anaesthetic gas exposure, improved costs, conservation of heat and humidity. The use of supraglottic airway device may be associated with greater gas leakage than the endotracheal tube. However, both low flow (Fresh gas flow <1 l/min) and minimal flow (FGF <0.5 l/min) have been used with controlled ventilation in a properly positioned LMA during laparoscopic surgery [48, 60] . Several workers have reported the Leak Fraction (LF) using SAD in LS [32, 39, 57, 58] . The LF is the difference between the inspired and expired tidal volume divided by the inspired tidal volume expressed as a percentage. A leak fraction of >15% is usually considered significant.
Limitations
There is a lot of heterogeneity with regard to SAD use in LS, in terms of experience of the user, type of device, method of insertion, nature of surgery, extent of pneumoperitoneum and positioning and mode of ventilation. Further, these studies are single blinded as it is not possible to blind the personnel using the device and recording the outcome. These issues need to be addressed in a meta-analysis.
Conclusion
Safety and efficacy are the critical factors that would define SAD use in LS. While efficacy has been demonstrated in several studies, protection against pulmonary aspiration is not guaranteed.
It must be understood that the success of SAD use in LS depends on the selection of the right cohort of patients and limiting pneumoperitoneum and positioning to acceptable limits. The key to successful use of SAD in laparoscopic surgery is insertion by an experienced user, ensuring correct position by clinical methods or fibre-optic bronchoscopy and the use of neuromuscular blockade and controlled ventilation. It is suggested that first time users gain reasonable expertise in short duration simple laparoscopic procedures like tubal ligation or diagnostic gynaecological laparoscopy before attempting their usage in other laparoscopic surgeries.
